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Abstract We describe the preparation and sensing capa-
bilities of a bimetallic electrode consisting of copper atoms
deposited on gold nanoparticles (GNPs). The electrode was
obtained by first constructing a GNP template on the
surface of a glassy carbon electrode by exploiting the
hydrogen-bonding interactions between pyridine groups on
the surface of the GNPs and the carboxy groups of poly
(acrylic acid). GNPs (60 nm in diameter) were homoge-
neously and densely deposited in the template (as revealed
by scanning electron microscopy). The electro-deposition
of copper ad-atoms on GNPs occurred at an underpotential
and was proven by electrochemical techniques. The
presence of GNPs in the template accelerated the deposition
at low potential due to its beneficial effect on the rate of
electron transfer. The new electrode was studied for its
response to glucose. Highly stable and reproducible
catalytic activity towards glucose oxidation is observed
and attributed to the synergistic catalytic effect of the
copper atoms on the surface of the GNPs. The detection
limit is as low as 50 nM (at a signal-to-noise ratio of 3), and
the response is between 200 nM and 10 mM of glucose.
Keywords GNP template . Hydrogen-bonding . Cu .
Electrodeposition . Glucose
Introduction
Currently bimetallic nanostructured materials have fascinated
researchers due to their potential applications in various
technologically important fields and their unique catalytic,
electrocatalytic, electronic, magnetic properties, which differ
from their monometallic counterparts. Bimetallic nanostruc-
tured systems offer highly dispersed and maximized atomic
contacts of their corresponding constituent elements, as well
as large catalytic and electrochemical active surface areas that
promote both bifunctional and electronic effects. Therefore,
bimetallic nanostructured materials often exhibit enhanced
electrocatalytic performances in terms of activity, selectivity,
and stability compared with their separate components [1].
Fabrication of bimetallic nanostructured materials possessing
well-controlled shapes, sizes, chemical composition and
structure has recently became a hot topic in areas involving
high performance catalysis [2].
Gold nanoparticles (GNPs) have been widely utilized to
fabricate different kinds of biosensors by modification of
electrode since they have the ability to enhance the
electrode conductivity and facilitate the electron transfer,
thus, improving the analytical performance [3]. It is well-
known that GNPs were often prepared in the presence of
suitable stabilizing molecules, with one ends of which
either adsorbed or chemically linked to the gold surface.
Recent researches demonstrated that the characteristics of
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GNPs’ modified electrode, such as conductivity and
electrocatalytic ability, were strongly affected by the
chemical reagents surrounding or binding to them [4]. In
order to enhance the electrocatalytic activity of the GNPs’
modified electrode, efforts were continuously made to
modify bimetallic nanostructures on the GNPs’ surface
based on considerations of the expected synergic effects in
electrocatalysis.
Various physical and chemical strategies have been
explored to create the GNP-based bimetallic nanostruc-
tures films. Among these techniques, electrochemical
deposition routes are demonstrated to be superior in
many aspects such as low cost, versatility, controllability
for almost all metals, and avoidance of complicated
separation procedures. Electrodeposition is a low tem-
perature and inexpensive alternative to successive sput-
tering or annealing-induced segregation for creating
another metal skin over a preformed metal core and
studying their catalytic properties. The procedures of
electrodeposition are simple and controllable with the
advantage of avoiding complicated separation procedures
in comparison with the wet chemical synthetic methods.
Up to date, most of Cu/Au bimetallic nanostructured
materials have been prepared by electrodeposition for
both basic and applied electrochemical research. The
initial electrodeposition of bulk rather than monolayer
deposits of Cu allows the preparation of bimetallic
catalysts that have a noble metal core and a non-noble
metal-containing shell and the study of pure electronic
effects of the latter on the former. For example,
electrochemical deposition of nanostrucured copper
materials in a reproducible and controllable manner with
potential applications in the molecular-scale electronics
has recently been reported [5, 6]. The aim of this work is
to obtain a nanometer-sized separation that enables
electrical contact between the two electrodes via tunneling
either directly or after incorporation of an appropriate
molecule into a gap.
Underpotential deposition (UPD) of monolayer or
multilayer of foreign metal adatoms onto the substrate
surface at a potential more positive than the Nernst
potential, where bulk deposition takes place, has been
extensively studied for decades, due to the stronger bond
between the foreign metal adatoms with the metal substrate
as compared to the same type substrate [7, 8]. This strategy
is not only very important to researchers in surface
chemistry for better understandings on the initial electro-
deposition process, but also allows precise and reproducible
control of the amount of the foreign metal adatoms on the
substrate and are suitable for the study of surface coverage
dependence of various systems [7]. UPD of a Cu atomic
layer on the Au nanoprism thin films electrodes for electro-
oxidation of methanol has been explored by Feng et al. [9].
The controllable growth of ultrathin copper films by surface
limited redox replacement on Au was also investigated by
N. Dimitrov and co-workers [10].
The investigation on glucose electro-oxidation has been
a subject of concern for decades since it plays very
important roles in developing amperometric glucose sensor
for fast monitoring of blood sugar for the treatment and
control of diabetes. Most studies on glucose electro-
oxidation have involved the use of the glucose oxidase
enzyme, a redox protein that catalyzes the oxidation of
glucose to gluconolactone. However, most enzymatic-
glucose sensors suffer from the serious problems of lack
of stability due to the intrinsic nature of enzyme, as well as
the significant interferences resulting from the electroactive
coexisting species such as ascorbic acid in amperometri-
cally or voltammetrically clinical analysis. Over the last
decades, numerous studies have been conducted to alleviate
the drawbacks of enzymatic glucose sensors [11–14], in
which, some efforts have been made to overcome the
interference of ascorbate by employing a permselective
membrane to minimize the access of interference substance
to the electrode surface. In another strategy, typical electron
transfer mediators were utilized to transport electrons
between glucose and electrode without using enzymes for
overcoming the stability problem of biosensor [15–20].
Recently, various electrode materials have been explored as
electron transfer mediators for glucose oxidation. For
instance, ordered mesoporous carbon electrode materials
were prepared by Guo’s research group for nonenzymatic
glucose determination [21]. Transition metal oxides such as
porous microcubic cuprous oxide and NiO were explored
and dispersed in Nafion and multi-walled carbon nanotube
respectively for nonenzymatic sensors [22, 23]. Noble
metals were also utilized as electrode materials toward
glucose oxidation. For instance, Su et al. fabricated a
glucose sensor based on highly dispersed Pt nanoparticles
supported onto mesoporous carbon [24], Li and co-workers
synthesized urchin-like gold submicrostructures by a seed-
method and constructed a fast response glucose sensor [25],
Hu et al. prepared dihexadecyl hydrogen phosphate capped
gold nanoparticle film on a glass carbon electrode and
applied to glucose nonenzymatic sensing [26].
One of our research interests focuses on exploiting novel
electrocatalytic electrode surfaces for sensor fabrication. In
our previous works, PVP-functionalized Cu nanoparticles
[27], electrospun CuO nanofibres [28], Cu/titanate interca-
lation compounds [29], Cu/self-assembled CNT films [30]
have been synthesized and explored as catalytic electrode
materials for glucose sensor fabrication. Results suggest
that Cu-based nanostructured films are promising electron
transfer mediator for glucose electro-oxidation in sensor
fabrication. In one of our recent works, a sensor for
determination of ascorbic acid was successful constructed
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by using the ferrocene-functionalized gold nanoparticles as
building block, in which, the configuration of GNP not only
effectively facilitated the charge transport within the films
through the gold nanoparticle cores, but also amplified AA
catalytic current by the three-dimensional linked catalytic
ferrocene moieties in the assembly [31]. In this work, we
demonstrated the preparation of Cu/GNPs bimetallic nano-
structured films by controllable potential electrodeposition of
copper on the GNPs hydrogen-bonded template for glucose
sensor fabrication. The GNPs template was constructed on
the surface of glassy carbon electrode based on the
hydrogen-bonding interactions between pyridine groups on
GNPs surface and carboxyl groups of PAA. The interest in
exploring practical Cu/GNPs bimetallic nanostructured
glucose sensor was fascinated by the possible synergic
effects of the bimetallic nanostructured films in electrocatalysis.
The activity of Cu/GNPs films electrode towards glucose
electro-oxidation and its sensing performances were evaluated
by cyclic voltammetry (CV) and chronoamperometry (I-t).
Cu-based bimetallic nanostructured catalysts prepared by bulk
electrodepositon of copper on the GNPs hydrogen-bonded
template were also investigated.
Experimental
Reagents
Poly(4-vinylpyridine) (PVP), poly(acrylic acid) (PAA) and
poly(allylamine hydrochloride) (PAH) were purchased from
Sigma-Aldrich (www.sigmaaldrich.com). Copper sulfate
(CuSO4), sulfuric acid (H2SO4) and perchloric acid
(HClO4) were purchased from Shanghai Chemical Reagent
Company (Shanghai, China, www.scrri.com). The carbohy-
drates including D-glucose and others, oxalic acid (OA),
ascorbic acid (AA), uric acid (UA), ethanol, sodium
hydroxide (NaOH) and the rest inorganic chemicals were
purchased from Sinopharm Chemical Reagent Beijing Co.
Ltd. (Beijing, China, www.crc-bj.com). All chemicals were
of analytical grade and used as received. All solutions were
prepared with redistilled water before experiments.
Apparatus
Electrochemical experiments were performed with a
CHI660A (CH instruments, USA) electrochemical station
in a conventional three-electrode cell under nitrogen
atmosphere at room temperature. Bare or modified glassy
carbon electrode (GCE), platinum (Pt) wire, and a standard
Ag/AgCl electrode (saturated KCl) were used as the
working (WE), counter (CE), and reference (RE) electro-
des. The pH value was measured by a pH meter (pH211,
USA). The morphologies of the materials were observed by
scanning electron microscopy (SEM) (SSX-550, Shimadzu,
Japan). UV absorption spectra were measured on a
Shimadzu UV-2501 spectrophotometer.
Preparation of GNPs with pyridine group tailored surfaces
GNPs with surface-confined functional groups of pyridine
were prepared as previous reported [32]. Briefly, 148.8 mg
of PVP with molecular weight of 160 K were dissolved in
150 mL of methanol. 70.8 mg of HAuCl4 in 10 mL of
methanol was then added under rapid stirring. The molar
ratio of metal salts to pyridine units was about 1:2. After
10 min, 27 mg of NaBH4 in 10 mL of methanol was added
quickly with the color of mixture changed from yellow to
pink immediately, indicating the formation of GNPs.
Additional stirring for 30 min leading to the temperature
of the Au colloid to room temperature, and the GNPs
encapsulated by PVP were thus prepared.
Fabrication of the self-assembled GNPs films on the GCE
surface and electrodeposition of copper
The synthesis of GNPs in the presence of PVP resulted in
pyridine group tailored surfaces, allowing alternating
deposition with PAA based on the hydrogen-bonding
interactions between pyridine groups on the surface of
GNPs and carboxyl groups at the free ends of polyelectro-
lyte PAA. Before construction of the hydrogen-bonding
GNPs films on the GCE surface, the GCE was polished on
emery paper with 1.0, 0.3 and 0.05 μm alumina powder,
rinsed thoroughly with ultrapure water and ethanol between
each polishing step, and then washed successively with
ultrapure water in ultrasonic bath. Immersing the GCE into
a polycationic PAH solution (1 wt.%), the NH3+-tailored
surface was created. The PAH-pretreated GCE was subse-
quently immersed in a PAA (1.0 g L−1) methanol solution
for 15 min, resulting in a carboxyl-tailored surface. After
thoroughly washed with methanol, the GCE was transferred
into a methanol solution of GNPs for another 15 min, GNPs
with PVP capping layer were adsorbed based on the
hydrogen-bonding interactions between pyridine groups
on GNPs surface and carboxyl groups of PAA, as depicted
in Scheme 1. In this study, multilayer films with five
repetitive deposition cycles of GNPs were obtained by
repeating the last two steps. GNPs hydrogen-bonded films
for SEM and UV characterization were similarly prepared
on the indium tin oxide (ITO) surface. The procedure of
copper deposition was also shown in Scheme 1. The Cu/
GNPs film electrode was prepared by depositing copper
particles in the self-assembled GNPs microstructure by
electrodeposition in 0.1 M H2SO4 solution containing
1 mM CuSO4. The electrochemical behavior and catalysis
for glucose of the Cu/GNPs electrode were investigated in
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0.2 M NaOH solution (pH=13.0). All the measurements
were carried out at room temperature.
Results and discussion
Formation of the GNPs hydrogen-bonded template
The morphology of the GNPs hydrogen-bonded films was
observed by SEM. From Fig. 1(a), the GNPs hydrogen-
bonded films exhibited representations of homogeneous
and closely packed GNPs with uniform sizes around 60 nm
(Fig. 1a inset). The typical absorption spectra of GNPs’
hydrogen bonding films were measured and shown in
Fig. 1(b). Broad absorption bands were observed around
545 nm in the GNPs films, which were in accordance with
the plasma adsorption peak of the GNPs solution (Fig. 1b
inset).
FTIR spectroscopy characterization of pure PAA films
showed a broad absorption band around 2,930 cm−1 and the
C = O stretching vibration at 1,636 cm−1. The IR spectrum
of GNPs hydrogen-bonding films revealed the typical O–H
stretching vibrations appeared at 2,490 and 1,895 cm−1, as
well as a less associated state of C = O stretching vibration
appeared at 1,681 cm−1 than that in pure PAA., similar with
those in previous report [32], indicating the formation of
the hydrogen bonding between the pyridine groups attached
on the GNP core and carboxyl groups along the PAA chain.
Above results demonstrated that the as-designed GNPs self-
assembled films based on the hydrogen-bonding interac-
tions between pyridine groups on GNPs surface and
carboxyl groups of PAA were successfully formed.
Electrodeposition of copper at 0 V on the GNPs
hydrogen-bonded template and its voltammetric behavior
Electrochemical deposition was demonstrated a powerful
strategy to control the quality and quantity of deposits by
simply tuning the deposition rate and growth mechanism at
suitable deposition potentials. Figure 2 represented the
voltammetric response of 1.0 mM CuSO4 in 0.1 M H2SO4
at 5 mV·s−1 on the GNPs films electrode. In experiment, the
scanning potential started initially from +0.4 V and
proceeded in the negative direction. When the negative
potential was limited to −0.10 V, a couple of small peaks
around +0.06 V and +0.25 V were observed on the GNPs
Scheme 1 Schematic representation of the formation of self-assembled GNPs films by hydrogen bonding and the subsequent electrodeposition of
copper on the GNPs template
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films (Fig. 2 curve a). When the potential was scanned
towards more negative potential value, for example −0.15 V
(Fig. 2 curve b) and −0.20 V (Fig. 2 curve c), respectively,
the processes corresponding to the bulk deposition of copper
were appeared and the redox currents of bulk deposition/
stripping of copper at −0.14 V and +0.07 V increased with
the negative shift of potential limitation. The small peaks
appeared around +0.06 V and +0.25 V in Fig. 2 (curve a)
were ascribed to the processes of precise control growth of
copper atoms [33] on the GNPs template at lower deposition
potential, while the larger reduction peak appeared at more
negative potential (−0.14 V) in Fig. 2 (curve c) corresponded
to the processes of bulk deposition of copper. In this work,
precise control of the electrochemical growth of Cu on GNPs
template was firstly demonstrated in 0.1 M H2SO4 contain-
ing 1 mM CuSO4 at a controlled deposition potential of 0 V.
The redox peak currents were found to be increased with
increasing deposition time up to 10 min. After that, the peak
currents seemed to be saturated. Here, the deposition time of
10 min was selected for enough quantity of Cu deposited on
GNPs films for catalysis. Fig. S1 (Supplementary Material)
shows the cyclic voltammetric behavior of Cu growth on the
GNPs films at 0 V (deposition time 10 min) in 0.1 M H2SO4
containing 1.0 mM CuSO4 at 5 mV·s
−1.
In our experiment, obviously morphological change of
the GNPs films before and after electrodeposition of Cu at
0 V in 0.1 M H2SO4 solution containing 1.0 mM CuSO4
were not discernable by SEM characterization. The Cu
growth on GNPs template also exhibited homogeneous and
closely-packed representations, with the size of particles
similar with that of GNPs in the template before deposition.
Under same conditions (deposition at 0 V for 10 min in
0.1 M H2SO4 solution containing 1.0 mM CuSO4),
electrodeposition experiment was also performed on a
GCE without the GNPs template. Similar redox features
of the GCE without GNPs template before (a) and after (b)
electrodeposition of Cu were obtained, as demonstrated by
Fig. S2 (Supplementary Material), indicating that Cu could
not deposit directly on the surface of GCE at a lower
deposition potential of 0 V and the GNPs template plays a
very important role in the precise control of Cu growth at
0 V.
Figure 3(a) illustrates the cyclic voltammogram of Cu
deposits on GNPs template (0 V, 10 min) in 0.2 M NaOH
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Fig. 1 SEM image (a) and UV–vis absorption spectrum (b) of the
GNPs hydrogen-bonded films. Inset of b shows the absorption
spectrum of GNPs in methanol solution
-0.2 -0.1 0.0 0.1 0.2 0.3 0.4

















Fig. 2 Cyclic voltammograms of the GNPs films in 0.1 M H2SO4
containing 1 mM CuSO4 at 5 mV·s
−1, with the initial potential started
from +0.4 V to the negative limitation potential of −0.1 V (a), −0.15 V
(b), −0.2 V (c)
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aqueous solution in the potential range of −0.6 V
to +0.8 V at 50 mV·s−1. Deposition of Cu on the GNPs
template resulted in obvious change in the cyclic voltam-
metric behavior. Compared with that of the GNPs films,
deposition of copper at 0 V resulted in a decrease of the
double layers current and displayed a broad anodic wave
between +0.4 V to +0.6 V and three defined cathodic
peaks in the negative potential regions. The broad anodic
wave between +0.4 V to +0.6 V was probably associated
with the overlapping of the Cu(II)/Cu(III) transition and
the formation of gold oxide in the GNPs films during the
positive potential scanning. Upon the reverse scan, the
small cathodic peaks around −0.2 V and −0.4 V were
probably related with the redox transition between the
multiple Cu species, and the cathodic peak around 0 V
might be ascribed to the reduction process of GNPs
oxide. The shape of the cyclic voltammograms at the
bimetallic nanostructured films is very similar to that of
the electrodeposited Cu on the Au substrate [34], and
minor differences could be attributed to the microstruc-
tures of deposits prepared on different underlying gold
substrates.
Electro-oxidation of glucose at Cu ad-atoms
on the GNPs template
Figure 3(b) (curves a and b) illustrated the dramatic
changes in voltammetric profile of Cu growth at 0 V on
GNPs template upon addition of 12 mM glucose to 0.2 M
NaOH solution. The voltammetric behavior of the GNPs
films upon glucose oxidation was also given in the figure
for comparison. No obvious oxidation process of glucose
was observed on the GNPs films (curve c), while upon Cu
deposition, catalytic oxidation of glucose started at negative
potentials with two obvious oxidative peaks at around
+0.06 V (peak 1) and +0.42 V (peak 2) respectively during
the anodic scanning. During the reverse scanning, another
oxidative peak appeared at around −0.03 V (peak 3). All
peak currents increased linearly with the increases of the
glucose concentration, as illustrated in Fig. S3. Compared
with that of the gold metal electrode, the potentials for
glucose electrocatalytic oxidation on the bimetallic nano-
structure films were negatively shifted.
The dramatically enhancement of the catalytic activity
by Cu deposits on the GNPs template were attributed to the
synergistic catalytic effect of the ad-atoms of Cu growth on
GNPs surfaces in the hydrogen bonding GNPs films. The
GNPs hydrogen-bonded template was envisioned as an
ensembly of closely-packed GNPs interlaced with the
dielectric polymeric chains, and behaved totally different
from the Au metal, contributing to the lack of obvious
electrocatalytic activity towards glucose oxidation. Upon
Cu deposition, the organic chains attached onto the GNPs
surfaces were removed and Cu/Au bimetallic catalytic sites
became more active. An important step in the electrochemical
oxidation of carbohydrates is their interaction with the
hydroxide/oxide layer on the electrode surface. It has been
demonstrated that in basic media, a gold/copper surface gets
covered with a layer of bimetallic hydroxide surface formed at
potentials considerably below those required for the onset of
gold oxide and copper oxide. This coverage of bimetallic
hydroxide surface allows an efficient interaction between
the hydroxyl groups of the analyte, likely through
hydrogen bridges [35–37]. Such favorable interactions
between bimetallic hydroxide surface and glucose most
likely contribute to the synergistic effects during the
electro-oxidation of glucose.
Amperometric determination of glucose and interferential
analysis at Cu ad-atoms on the GNPs template
Amperometric analysis was carried out at the bimetallic
films of Cu deposites on GNPs. The applied potential for
glucose detection was selected at −0.03 V based on the
considerations of both sensitivity and the interference
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Fig. 3 a Cyclic voltammograms of Cu ad-atoms on the GNPs
template (0 V, 10 min, 0.1 M H2SO4 containing 1.0 mM CuSO4) in
0.2 M NaOH at 50 mV·s−1, the dot line shows GNPs modified
electrode in 0.2 M NaOH at 50 mV·s−1. b Cyclic voltammograms of
Cu ad-atoms on the GNP template in 0.2 M NaOH solution with (a)
and without (b) 12 mM glucose at 50 mV·s−1, curve (c) (the dot line)
is GNPs template in 0.2 M NaOH containing 12 mM glucose
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very fast, stable and reproducible amperometric responses
were observed in Fig. 4(a). The time required to reach the
steady state current was about 1 s, which is much faster than
those recently reported [27–30, 38]. The RSD of the steady
state currents for seven individually repetitive tests of
0.1 mM glucose was 2.2%, demonstrating a good reproduc-
ibility of the film electrode. The poisoning possibility of
chloride ions to the activity of the sensor in glucose
determination was examined by adding 0.2 M NaCl to
0.2 M NaOH solution in measurement, results indicated that
Cl− did not cause observable interference in the designated
concentration of glucose. The interferential tests of other co-
existed interferences, such as ascorbic acid (AA), uric acid
(UA), ethanol and oxalic acid (OA) were also carried out by
adding 0.002 mM AA, UA, ethanol and OA to 0.2 M NaOH
solution containing 0.2 M NaCl and 0.1 mM glucose.
Results in Fig. 4(a) revealed that UA, ethanol and OA did
not cause any observable interference in glucose detection,
0.02 times of AA caused only neglectable interference,
implying a good selectivity of the sensor to glucose.
Figure 4(b) demonstrated a good linear response of the
electrocatalytic current of glucose at the film electrode in a
wide range of 2.0×10−7 M to 1.0×10−2 M (correlation
coefficient 0.998), and the low concentration parts of which
were shown in Fig. S4 and Fig. S5 in Supplementary
Material. The detection limit was 5.0×10−8 M (signal-to-
noise ratio of 3). The current response of the present sensor
is 40.8 μA·mM−1·cm−2, which is 36.1, 2.15, 1.92 and 1.64-
fold of 1.13 μA·mM−1·cm−2 [39], 19 μA·mM−1·cm−2 [34],
21.23 μA·mM−1·cm−2 [40] and 24.92 μA·mM−1·cm−2 of the
reported enzymeless sensors [41]. This sensitivity is compa-
rable to that of the Cu/titanate intercalation electrode
materials in our recent report [29]. The electrocatalytic
stability for glucose oxidation at the films and the reproduc-
ibility of the sensor were also evaluated. The current for
glucose oxidation decayed 1.95% after 3 months’ storage in
air, implying a long-term storage stability of the catalytic
centers supported on the GCE surface. Under the same
fabrication condition, six electrodes were prepared and the
RSD of the steady state current to 0.03 mM, 5 mM and
8 mM glucose was 3.5%, 4.3% and 4.0% respectively,
indicating a satisfied reproducibility of the strategy for sensor
fabrication. The RSD of the steady state current for six
individually repetitive tests of 0.005 mM and 0.6 mM
glucose at same films was 2.6%, 5.2% respectively,
confirming a good reproducibility of the sensor in determi-
nation. Compared analytical features of copper adatoms/
GNPs bimetallic nanostructured electrode and some relevant
systems in glucose detection recently reported were showed
in Table 1. Comparison with the time-consuming chemical
synthesis route, the electrodeposition method (including
ours) was more facile and cost effective, due to avoiding
the subsequent multiple separation procedures necessary for
removing the by-products in chemical synthesis. The
potential applied for our sensor was more negative, detection
limit was lower, liner range was wider than others, although
the sensitivity of 40.8 μA·mM−1 was medium.
Standard glucose samples were detected by using the
standard addition method to verify the reliability of the sensor.
The determinations were measured at −0.03 V in 0.2MNaOH
and the results were listed in Table S1 (Supplementary
Material). The values determined were satisfactory with a
good recovery, revealing the reliability of the Cu ad-layers
on the GNPs films for glucose determination.
Electro-oxidation of glucose at the film electrodes
prepared by bulk electrodeposition of Cu on GNPs
hydrogen-bonded template
Experiments of bulk electrodeposition of Cu on GNPs
hydrogen-bonded template were also carried out at −0.3 V
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Fig. 4 a Amperometric responses of Cu ad-atoms on GNPs template
with successive additions of glucose and other interferences to 0.2 M
NaOH containing 0.2 M NaCl at −0.03 V. Inset figure shows
interference (OA, UA, methanol) effects. b Calibration curve for the
amperometric response towards glucose
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for sufficient loading of Cu on the GNPs films, and its
performances in glucose electro-oxidation were also inves-
tigated. Figure 5(a) presented the voltammetrically catalytic
responses of the electrode prepared by bulk electrodeposi-
tion of Cu at −0.3 V on GNPs template. Glucose oxidation
were observed at the sites related with both gold and copper
surfaces as revealed by the oxidation peaks at −0.26
V, −0.03 V and +0.65 V, representing combined intrinsic
catalytic characteristics of Cu and Au in the films. Spherical
Cu deposits were uniformly dispersed on the GNPs
template in the low resolution SEM image (Fig. 5b). High
resolution image exhibited regular nanoflowers with diameter
of ca. two micrometers (inset in Fig. 5b). Bulk electrodepo-
sition of Cu on GNPs hydrogen-bonded template demon-
strated perfectly electrocatalytic activity to glucose oxidation
by increasing the glucose oxide current up to 39.47% than









































































































































































































































































































































































































































































Fig. 5 a Voltammograms of bulk electrodeposition of Cu on GNPs
hydrogen-bonded template in 0.2 M NaOH solution containing
different concentration of glucose at 50 mV·s−1. b SEM image of
the GNPs bulk electrodeposition of Cu on GNPs hydrogen-bonded
template
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Conclusions
Defined bimetallic nanostructured electrode for sensor appli-
cation were achieved by controlling deposition of Cu adatoms
at 0 V on the closely packed GNPs self-assembled template
constructed on the surface of glassy carbon electrode based on
the hydrogen-bonding interactions between pyridine groups
on GNPs surface and carboxyl groups of PAA. The interest in
exploring practical Cu/GNPs bimetallic nanostructured sensor
was fascinated by its synergic effects in electrocatalysis.
Electrochemistry and electrocatalysis of the Cu adatoms on
the GNPs template towards glucose electro-oxidation in
alkaline media were evaluated by cyclic voltammetry and
chronoamperometry in detail. Results revealed that GNPs in
the template accelerated the Cu ad-atoms electrodeposition at
low deposition potential, and the resulting Cu/GNPs films
exhibited synergistic catalytic effect towards glucose oxida-
tion. Cu-based bimetallic nanostructured catalysts prepared by
bulk electrodepositon of copper at −0.3 V on the GNPs
hydrogen-bonding template were also investigated. Electro-
chemical combination of noble metal and transition metal
nanostructures provides good opportunities for fabricating
novel and high performance sensors and devices.
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